Transcranial magnetic stimulation (TMS) is a noninvasive and safe technique for motor cortex stimulation. TMS is used to treat neurological and psychiatric disorders, including mood and movement disorders. TMS can also treat several types of chronic neuropathic pain. The pain relief mechanism of cortical stimulation is caused by modifications in neuronal excitability. Depression is a common co-morbidity with chronic pain. Pain and depression should be treated concurrently to achieve a positive outcome. Insomnia also frequently occurs with chronic lower back pain. Several studies have proposed hypotheses for TMS pain management. Herein, we report two cases with positive results for the treatment of depression and insomnia with chronic low back pain by TMS. (Korean J Pain 2014; 27: 285-289) 
Low back pain is a very common health problem, and the lifetime prevalence of low back pain is estimated at 60% to 70%. It is often difficult to treat.
Chronic spinal pain, such as lower back pain, has been associated with sleep disturbances, including reduced sleep duration and quality [1] .
Depression is a co-morbid disease in patients with chronic back pain [2] . Insomnia and depression are detrimental clinical symptoms in chronic low back pain patients.
Improvement of insomnia and depression in patients with chronic low back pain improves the overall prognosis.
Transcranial magnetic stimulation (TMS) is a noninvasive technique that stimulates the brain cortex. It uses a magnetic field to generate weak electric currents in the cortex. In one study, the brain can be stimulated using external magnetic stimulation with TMS [3] . TMS produces brief magnetic pulses, which pass easily and painlessly through the skull and into the brain. TMS is commonly used to treat neurological and psychiatric disorders including mood disorders, dystonia, and Parkinson's disease [4] . TMS has been used for pain relief in chronic pain syndromes such as fibromyalgia, complex regional pain syndrome, and other neuropathic pain conditions [5] . This report presents two cases of chronic low back pain with con- 
CASE REPORT

Patient 1
A 65-year-old woman had a 5-year history of lower back pain following posterolateral interbody fusion surgery. She was treated with fluoroscopically guided epidural injections and medications including non-steroidal anti-inflammatory drugs and muscle relaxants for 6 months. Conventional treatment yielded 20-30% pain improvement for 2-3 days. After that period, pain returned to pretreatment levels. The patient complained of sleep disturbances and was depressed from experiencing severe pain and activity restriction. We performed TMS with the TAMAS TMS Therapy system (CR Technology Inc., Daejeon, Korea) (Fig. 1) . The TMS machine was set at a frequency of 1 Hz and 100% of the resting motor threshold for 20 min. This delivered 1200 pulses per session, five times per week for 4 weeks. A figure-of-eight-shaped coil magnetic stimulator was placed on the skull overlying the left prefrontal cortex. We assessed treatment outcomes using the Pain Numerical Rating Scale (NRS), the Beck Depression Inventory (BDI), the Insomnia Severity Index (ISI) and the Pain Disability Index (PDI). The patient filled out questionnaires prior to and following treatment (Fig. 2) . NRS (0 = no pain, 100 = worst pain imaginable) decreased from 80 to 30, and depression, assessed by the BDI self-report scale (0 to 63), decreased from 50 (extreme depression) to 11 (mild mood disturbance). Insomnia, assessed by ISI (0 to 28), improved from 23 (severe insomnia) to 10 (sub-threshold insomnia). Disability was assessed by PDI (0 to 70), and also improved from 63 to 32. The patient was very satisfied with the treatment results, and symptom improvement was maintained for at least 3 months following treatment. Any side effects such as headache and hearing problem were not found.
Patient 2
A 61-year-old female patient had a 1-year history of lower back and bilateral leg pain. She had a laminectomy 1 year previously, and the pain was aggravated following the operation. The patient suffered from severe pain, sleep problems, and depression. She was treated with medications including non-steroidal anti-inflammatory drugs and muscle relaxants for 3 months. Caudal epidural block and transforaminal epidural block were performed without pain improvement. TMS was performed with the aforementioned stimulation settings. The patient received a total of 15 sessions, five times per week for 3 weeks. The questionnaires were given before and after treatment (Fig. 2) . Pain improved by 50% compared to baseline levels as assessed by NRS decreasing from 80 to 40. Insomnia improved from moderate levels to sub-threshold levels as assessed by ISI (0 to 28), improving from 21 to 13. Depression as assessed by BDI decreased from 26 (moderate) to 13 (mild mood disturbance). Activity also improved from 55 to 27. The patient was very satisfied with the results, and the effects were maintained for at least 3 months following conclusion of the treatment. Any side effects such as headache and hearing problem were not found. 
DISCUSSION
Various neurostimulation methods have been applied in the treatment of chronic pain including the following: peripheral nerve stimulation (PNS), spinal cord stimulation (SCS), deep brain stimulation (DBS), motor cortex stimulation (MCS), and repetitive transcranial magnetic stimulation (rTMS) [6] . MCS and rTMS are emerging cortical stimulation techniques to treat patients with chronic pain. The mechanism of cortical stimulation for pain relief is based on the modification of neuronal excitability. In chronic pain states, pain conduction systems are injured resulting in chronic pain and a lowered pain threshold. Cerebral cortex stimulation modulates abnormal thalamic activity which alleviates pain in these syndromes [7] .
Depression is a common co-morbidity in chronic pain. Several studies have reported the prevalence of major depression in chronic lower back pain over a 6-month period (21-45%) [8] . Depression is the result of the imbalance and dysfunction of neurotransmitters such as serotonin, norepinephrine, and dopamine [9] . Several studies have shown that pain and depression are conducted through the same descending pathways in the central nervous system forming a biological link between these two conditions [2] . Severe pain, restriction of daily activities, and pain refractory to treatment are related to depression. Patients with both pain and depression should be treated for these conditions simultaneously for optimal treatment outcomes [2] . TMS has been used in the treatment of psychiatric disorders. A TMS machine delivers a magnetic field to the brain using a magnetic stimulator to stimulate neurons to release neurotransmitters into the synaptic cleft. These neurotransmitters affect mood, cortical excitability, and other brain activities [10] . There is a study that TMS treat- www.epain.org ment of the left prefrontal cortex for at least 3 weeks has an antidepressant effect [11] . George et al. [12] showed remission in 30-40% of cases which was maintained for 3 months following treatment in 58% of the patients. We assessed clinical improvement of depression using the BDI. The BDI is a useful questionnaire utilizing a self-rated scale for observing the level of depression. A reduction in BDI scores was achieved in both patients following the conclusion of the treatment. The depression grade decreased from moderate and extreme depression to a mild mood disturbance. Mood improvement was maintained at the 3-month follow up.
Insomnia is a common co-morbid condition with chronic lower back pain. Insomnia is related with reduced quality of life. Sleep impairment occurred in 55% of chronic lower back pain patients, and over 50% of insomniacs had moderate to severe levels of insomnia [13] . The severity of insomnia was measured by the Insomnia Severity Index (ISI). This questionnaire is a valid and reliable tool that contains seven statements relating to insomnia severity, producing a range from 0 to 28. A higher score corresponds to a greater severity. In our report, insomnia reduced from moderate and severe levels to sub-threshold insomnia. The quality of sleep was better after treatment. A TMS study evaluating insomnia showed a significant improvement in sleep problems, with a lower recurrence rate compared to treatment with medication and psychotherapy [14] .
TMS has been used for the treatment of various chronic neuropathic pain disorders, including phantom limb pain, fibromyalgia, complex regional pain syndrome, and central pain following stroke or spinal cord injury [5] . The mechanism of TMS therapy has not been previously addressed. TMS acts on pain-modulating systems in the diencephalon and descending pain pathways from the brainstem to the spinal cord [15] . Several studies proposed hypotheses for the mechanism of chronic pain management with TMS. GABAergic inhibitory neurotransmission may play a role in pain modulation with TMS [16] . Endogenous opioid systems may also be affected by TMS-induced analgesia depending on the stimulation site [17] . TMS has produced analgesia with chronic pain, but the improvement depends on various factors, including the stimulation frequency, stimulation site, and treatment duration [18] . Treatment duration is important to maintain the treatment effects. TMS provided on consecutive days yielded long-lasting effects.
Current published clinical trials on the efficacy of rTMS in treating depression are almost certainly suboptimal (e.g. duration of two weeks). The data support positive outcomes for rTMS, but not large clinical effects [18] . However, a few studies suggest that a longer course of rTMS is necessary for optimal therapeutic outcomes. Bretlau et al. [19] found that over 3 weeks, the active rTMS treatment was superior to the sham TMS. In our study, subjects with depression, insomnia and chronic back pain were treated each weekday for 3 to 4 weeks. Stimulation frequency relates to synaptic changes. Generally higher frequencies (＞ 5 Hz) are excitatory, and lower frequencies (＜ 1 Hz) are inhibitory. Some studies suggest TMS at 10 Hz had better results than 5 Hz, and 1 Hz did not produce a significant effect [15] . However, our patients received TMS at a 1-Hz frequency, and experienced significant pain relief. TMS effects vary amongst individuals, and further study is required to determine the optimal treatment protocols. We used the Pain Disability Index (PDI) because it provides a simple questionnaire to assess the impact of pain in terms of activity restriction. The questionnaire addresses seven items on a scale of 0-70: family and home responsibilities, recreation, social activity, occupation, sexual behavior, self-care, and lifesupport activity. A higher score corresponds to greater disability due to pain. We observed improvement in daily function following TMS therapy in these cases.
TMS is a non-invasive and safe technique. These patients did not report any side effects or complications. Machii et al. [20] reviewed studies evaluating TMS published between January 1998 and December 2003. The most common adverse effect was a mild and instant headache, which occurred in 23% of patients. Serious adverse effects, including seizures, were rare. TMS is a safe treatment modality when manufacturer guidelines are followed, and patients are monitored during the treatment. These cases had positive clinical outcomes regarding pain, insomnia, and depression. Prospective randomized controlled studies are needed to confirm the efficacy of TMS treatment of insomnia, depression, and pain from chronic low back pain syndrome. Future studies should focus on TMS instrument settings, including the stimulation site, frequency, and duration. In addition, future investigations should define the mechanism of TMS.
In conclusion, these cases show the successful results from TMS therapy for the treatment of depression, sleep disorders, and pain. We suggest that rTMS could be a safe
